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 Abstract  
Being as a relatively new approach of signalling, moving-block scheme significantly increases line 
capacity, especially on congested railways. This paper describes a simulation system for multi-train 
operation under moving-block signalling scheme. The simulator can be used to calculate minimum  
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ABSTRACT 
This paper discusses an experiment investigating the 
effects of cognitive ageing and prior-experience with 
technology on using complex interfaces intuitively. 
Overall 37 participants, between the ages of 18 to 83, 
participated in this study. All participants were assessed 
for their cognitive abilities and prior-experience with 
technology. It was anticipated that the Central Executive 
function (a component of Working Memory) would 
emerge as one of the important cognitive functions in 
using complex interfaces. This was found to be the case 
with the strongest negative correlation occurring between 
sustained attention (one of the functions of the Central 
Executive), the time to complete the task and number of 
errors made by the participants.  
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INTRODUCTION 
Many older adults have difficulties in using contemporary 
consumer products due to their complexity both in terms 
of functionality and interface design. According to 
Docampo Rama (2001) at least three factors contribute to 
this difficulty: (1) complexity of user interface, (2) age-
related changes in cognitive abilities, and (3) generation-
related differences in experience with technology.  
However, a more recent study on using technological 
products effectively did not find any significant 
generation-related differences in older people (Lewis, et 
al., 2007). On the other hand, studies confirm that decline 
in cognitive functioning affects the speed and accuracy of 
using complex technological products in older adults 
(Blackler, Mahar, et al., 2010; Lewis, et al., 2008). This 
research was designed to look more closely at effects of 
cognitive ageing and technology prior-experience on use 
of complex interfaces. 
OLDER ADULTS AND PRIOR EXPERIENCE 
Prior experience with technology is a strong predictor of 
performance on a variety of computer-based tasks (Czaja, 
et al., 2001), such that the more experience a user has 
with related technology the faster they learn to use newer 
ones (Lewis, et al., 2008). Empirical research on prior 
experience and usability of products has found that 
interactions that exploit user’s prior-knowledge are 
significantly faster and are less prone to errors (Blackler, 
2008; Blackler, Popovic, et al., 2010; Langdon, et al., 
2007; Lewis, et al., 2008). Furthermore, technology 
familiarity (prior-knowledge) is also an important factor 
in fast, correct and intuitive use of an interface for older 
people (Blackler, 2008). On the other hand, ageing 
causes, albeit at varying levels, decline in fluid 
intelligence, which in turn slows down the acquisition of 
new knowledge. This decline in acquiring new 
knowledge due to ageing could be one of the reasons why 
older adults find it difficult to use new technological 
products intuitively. 
AGEING AND COGNITIVE PROCESSING  
It is generally agreed that ageing causes a decline in 
cognitive skills, which in turn affects learning of new 
information. Some research points out that this decline is 
not global, as not all skills are affected with ageing 
(Bäckman, et al., 2001). For example, crystallised 
memory (like vocabulary) remains constant or improves 
with age. Fluid intelligence (such as problem-solving, 
learning, and pattern recognition abilities), on the other 
hand, declines markedly.  
Memory and ageing 
Memory is a very complex phenomenon that is not yet 
completely understood. Some literature suggests that 
memory becomes less effective with age. However, this 
decline is not linear and it varies with the area of memory 
researched. Moreover, there is ample evidence that age-
related memory impairment varies greatly between 
individuals. Memory is broadly categorised into two 
systems: 1. Short-term or Working Memory and, 2. Long-
term Memory. Of these two, Working Memory is most 
affected by age-related degradation.   
Working Memory is not a unitary system. Baddeley and 
Hitch (1974) proposed a multiple component system that 
emphasised functional importance rather than just 
storage. This system comprises of three components (later 
expanded to four), the Phonological loop, the 
Visuospatial sketchpad, the Central Executive and the 
most recent addition the Episodic buffer (Baddeley, 
2002). The Central Executive is engaged in reasoning, 
decision-making and co-ordinating the activities of other 
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subsidery systems. In general, Working Memory function 
deteriorates with ageing. Moreover, age-related Working 
Memory deficiencies becomes more prominent as the 
complexity of cognitive tasks increases, such as when a 
task requires simultaneous storage and processing of 
information (Bäckman, et al., 2001). Salthouse and 
Babcock (1991) found that ageing related decline in 
Working Memory is mostly due to slowing down of the 
Central Executive component. However, manifestation of 
Working Memory deficiencies in ageing is mediated by 
coping mechanisms adopted by older individuals 
(Brébion, et al., 1997). Recent research (Blackler, Mahar, 
et al., 2010) also found that more than chorological age, 
Central Executive function is important for fast, intuitive 
and error free use of product interfaces. 
Attention and ageing 
A variety of behavioral inefficiencies are attributed to 
age-related changes in attention. In general, attentional 
capacity is conceptualised as limited supply of energy 
that supports cognitive processing. The Central Executive 
is thought to play a key role in directing and controlling 
attention (Baddeley, 2002; Norman & Shallice, 2000). 
Attention is a term used to describe a variety of cognitive 
functions. It is usually defined in literature by its various 
functions. For example, “Selective-attention” is 
processing of one source of information at the expense of 
other, “Divided-attention” is simultaneous processing of 
two or more sources of information, “Switching-
attention” is alternatively processing one source then 
other, and “Sustained-attention” is maintaining a 
consistent focus on one source (McDowd & Shaw, 2000). 
However, this is a framework used to organise and 
present information in reporting literature on attention. In 
reality, complex tasks require more than one attentional 
function for cognitive processing.  
Age-related decline is most noticeable in Selective-
attention and Divided-attention functions. Selective-
attention, the ability to attend selectively to relevant 
information and ignore irrelevant information, is 
considered a prerequisite for extracting relevant 
information from distracting or irrelevant detail (Kramer 
& Madden, 2008; McDowd & Shaw, 2000). Some 
researchers argue that age-related decline in selective-
attention is due to the inability of older people to inhibit 
task irrelevant information (Hasher & Zacks, 1988; 
Morrison, 2005).  
EXPERIMENT DESIGN 
This experiment was designed to investigate the effects of 
prior knowledge and cognitive function in older adults 
when using contemporary technological devices. The 
design of the experiment was based on studies 
investigating intuitive use conducted previously 
(Blackler, 2008). This experiment is a cross-sectional, 
between-groups matched-subject design. Participants for 
this experiment were recruited from various organisations 
(like, sports clubs, educational institutes, recreational 
facilities and retirement resorts). Overall 37 participants 
between ages 18 to 83 participated in this study  
APPARATUS AND MEASURES 
This experiment used a commercially available body fat 
analyser for the trials. This device was selected after 
carefully reviewing other over-the-counter health 
monitoring devices, including blood pressure, glucose 
and cholesterol monitors. The decision to use the body fat 
analyser was primarily based on the assumption that this 
product provides enough interest for both younger and 
older participants. Hawthorn (2007) suggests that a 
product used in such trials should be perceived as useful 
to sufficiently motivate the participants to engage them in 
the experiment. For the actual experiment a virtual 
version of the product was used. The virtual product was 
used on a touch sensitive LCD monitor.  
This research utilises multiple data collection methods. 
These are verbal protocol, observation of task 
performance, interviews and rating scale questionnaire 
and cognitive measures tasks. 
Verbal protocol, observation of task performance: Two 
cameras were used to record the experiment. One camera 
was positioned to record participant’s facial expressions 
and body language; and the second camera was 
positioned to record the tasks performed by the 
participant on the touch screen. The video and audio 
recording was subsequently coded and analysed using 
Noldus Observer (Noldus, et al., 2000). Noldus Observer 
is software that helps in coding the data from the video 
recordings such as: Time to complete the task, Percentage 
of correct uses, Number of errors, amount of help 
received (clue, explicit/detailed) and recovery from error 
(with or without help). This data from Noldus Observer 
can be exported to statistical analysis software, like SPSS, 
for further analysis.  
Interviews and rating scale questionnaire: The technology 
prior-experience questionnaire was administered in two 
stages to avoid priming effect. Priming is the implicit 
memory effect in which prior exposure to a stimulus 
influences retrieval/recognition accuracy of subsequent 
stimulus (Neely, 1991). The first part of the questionnaire 
was administered before the trial (containing questions 
that are not directly related to the product used for the 
trial) and the second part after the trials (this part had 
questions that are directly related to the product used in 
the trials). 
Cognitive measures tasks: Cognitive measures software is 
an interactive application (Blackler, Mahar, et al., 2010) 
that administers various instruments that measure 
different aspects of cognitive function. For this 
experiment following instruments were used.  
Corsi-span and Digit-span: Measure of visual sketchpad 
and phonological loop capacity. A standard Corsi Span 
task was used where participants viewed sets of squares 
on the screen that recalled their location by button click. 
The number of squares presented was varied using a 
staircase procedure to find the participants visual span. 
Similarly, Digit Span was measured by presenting lists of 
digits one at a time on the screen. Participants recalled the 
lists by clicking on a number pad on the screen. Again a 
staircase procedure was used to very the list length. 
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Visual and Phonological transform task: Measure of 
Central Executive capacity to manipulate spatial and 
phonological information. In the Phonological transform 
task participants viewed a set of 4 numbers then were 
required to move each number forward by 4 places (e.g. 5 
would become 9). Similarly, in Visual transform task 
participants viewed a pattern of 4 dots on a disk then were 
required to rotate them 4 places in clockwise direction. 
Go/No-Go task: Sustained attention and response 
inhibition. This instrument was also used to measure 
Choice Reaction Time of participants. In Go/No-go 
(Nielson, et al., 2002) task participants viewed individual 
alphabets serially on the screen and are required to 
respond to stipulated targets. There are 3 sets of trials in 
this task. First set: they are required to respond, by 
clicking a button, when ever they see specific alphabets 
(X,Y and Z), second set: they are required to respond to 
only alternating target letters (X, Y, X, Y) and in the third 
set: participants are required to respond to three 
alternating target letters (X, Y, X, Z, Y, Z).  
The data from Noldus Observer, Technology prior-
experience questionnaires and Cognitive Measures 
software were exported into SPSS for statistical analysis. 
PROCEDURE  
This experiment was conducted in a controlled laboratory 
setting. The whole experiment was scripted to ensure 
consistency between participants. Participants were first 
given an information package that explained what the 
experiment was about, and what it meant to participate in 
it. Once they understood the content of the package and 
had no doubts about their participation in the experiment, 
they were asked to sign the consent form. Then they were 
shown around the laboratory and the experiment setup 
was explained. Participants were also informed that they 
could stop the experiment at any time and request to 
delete all the records of their participation. The protocol 
of the experiment involves three broad stages. 
1.  Pre-trials: Information package and consent form 
signing, eye acuity testing, Technology familiarity 
questionnaire part-I. 
2. Trials: Task 1 involved switching on the device, 
inputting necessary details (age, gender, weight and 
height) and saving the data followed by instructing 
the device to measure and display body fat mass and 
volume. Task 2 involved switching the device on, 
recalling saved data, updating the data and instructing 
the device to measure and display body fat mass and 
volume. Participants were informed that, if they were 
not comfortable to divulge their personal information, 
they could provide false, but realistic, data. They 
were also informed that help would be provided on 
request if they were unable to complete a task after 
repeated attempts. 
3.  Post-trials: Technology familiarity questionnaire part-
II, and Cognitive measures interactive tasks. 
The whole experiment took roughly 70 minutes. 
RESULTS AND DISCUSSION 
Preliminary results suggest that a negative correlation 
exist between technology prior experience and time to 
complete the task, r(35) = -.647, p < .001. Younger 
people also tended to score higher on the technology 
familiarity and were more likely to use interfaces faster 
than older people (Figure 1). An independent-samples t-
test was conducted to compare time on task between 
young (18 - 59) and the old (60 - 83). Significant time 
difference was observed between young (M= 251, SD= 
24) and old (M= 510, SD= 270) in completing the task, 
conditions t(37)= 4.09, p = <.001. Both these findings 
support results from earlier studies (Blackler, 2008; 
Blackler, Popovic, et al., 2010; Lewis, et al., 2008).  
 
Figure 1. Time taken to complete the task, technology prior 
experience and age group differences. 
The data from this experiment shows strong negative 
correlation between sustained attention, time on task, 
r(35) = -.690, p < .001 and the number of errors, r(35) = -
.566, p .001. Ageing is also negatively correlated with 
Sustained attention r(35) = -.522, p .002. Some recent 
research suggested correlation between Central Executive 
functions and time on task (Blackler, Mahar, et al., 2010; 
Lewis, et al., 2008; Lewis, et al., 2006). As the Central 
Executive function plays a key role in controlling and 
directing attention (Morrison, 2005) this data not only 
supports existing research but also goes further in 
identifying one of its subcomponents specifically. Further 
more, there is also a strong correlation between sustained 
attention and the amount of explicit help received to 
recover from the errors, r(35) = -.659, p < .001.  
There was also significant negative correlation between 
Visual sketchpad capacity and time on task, r(35) = -.568, 
p .001. This could be due the visual nature of the product 
interface used in the trials. 
Processing-speed Theory, proposed by Salthouse (1996), 
suggests that ageing causes slowing down of processing 
speed. However, if older people were allowed more time 
on the task, the performance differences between young 
and old would be minimal. The data from this study 
suggests a strong correlation between Choice Reaction 
time and time to complete the task, r(35) = .550, p < .001 
and between age and Choice Reaction Time r(35) = .523, 
p .001. However, contrary to Processing-speed Theory, 
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even though there was no time restriction to complete the 
task, older participants made more errors than younger 
participants (young Mean = 2.7, Old Mean = 4.8). On the 
other hand, there are other variables that correlate to 
errors. For example, there is a strong negative correlation 
between prior-experience with the technology and errors, 
r(35) = -.563, p .001. 
It was also observed that, when compared with younger 
people, the older people took more time to recover from 
mistakes and also tended to get more anxious when the 
task got difficult. Both of these issues will be further 
investigated in next set of experiments.  
CONCLUSION 
Preliminary results suggest a strong correlation between 
technology familiarity and time to complete the task. 
Most of the recent research reviewed so far suggests 
relationship between Central Executive functioning and 
Working Memory with performance on task. The 
significance of this study is that it goes further and shows 
strong relationship between attention (one of the key 
functions of Central Executive) and use of complex 
interfaces.  
From an interaction design perspective, this research 
suggests interfaces that put minimal load on Working 
Memory would be beneficial for older people. For 
example, nested (multi-layered) interfaces should be 
avoided; multi-modal interfaces that use both visual and 
phonological resources would be beneficial, and keeping 
the interfaces clean with minimal distractions to miminise 
use of limited attention resources may be helpful too.  
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